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Pollution of the aquatic environment by anthropogenic debris is 
globally ubiquitous. Due to its low manufacturing cost and 
durability, plastic production has increased by > 600% over the past 
four decades, with mismanaged waste, microbeads from cosmetic 
products, and microfibers from synthetic fabrics accumulating in 
the aquatic environment. The average accumulation of 
microplastics in surface waters of Lake Michigan, for example, is 
17,000 pcs/km2, with localized patches exceeding 100,000 pcs/km2. 
Contamination of the environment has subsequently resulted in the 
accumulation of microplastics in the aquatic food web, including in 
fishes targeted for human consumption. Ingestion of plastics by 
aquatic organisms can result in physical injury, death, and in some 
cases the accumulation of persistent organic pollutants (POPs) via 
desorption of POPs from microplastic surfaces to an organism. The 
presence of microplastics in the Lake Michigan food web, and the 
risk for POP accumulation from the ingestion of microplastics by 
Great Lakes fishes, however, is unknown.
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Here, we combine the expertise of INHS fisheries biologists with 
ISTC analytical and environmental chemists to propose a 
multidisciplinary framework for assessing the exposure risk of Lake 
Michigan fishes to microplastics and associated POPs:
1. Establish a conceptual framework for research on interactions 
among microplastics, contaminants, and the fish community (Fig 1)
2. Describe the microplastic “community” in Lake Michigan, and 
identify the affinity of plastics for POPs
3. Implement food web models to quantify accumulation of 
microplastics through trophic interactions based on bioenergetics, 
feeding ecology, and prey preference
4. Use food web models to estimate the contribution of 
microplastic-borne POPs to the body burden of contaminants in 
food fishes
OBJECTIVES
Fig 1. Conceptual Framework: The sources, interactions, and fates of 
microplastics and associated contaminants in the aquatic environment. Orange lines 
illustrate the transport and fate of plastic particles; blue lines illustrate the interactions 
between POPs, plastics, and aquatic organisms; dashed red lines indicate documented 
or assumed impacts of plastics and POPs on the environment and organisms.
VALIDATING PROPOSED METHODOLOGY
Isolating Microplastics From Fish
Alewife, a prey species in Lake Michigan, were collected from 
nearshore waters (4.5 m deep) in Nov. 2016 and May 2017. Whole 
GI tracts were removed and digested in 10 % KOH for 48-56 hours, 
sieved to 333 µm, and sorted under a stereoscope. 
.
Identification Of Microplastics By Pyrolysis Gas 
Chromatography Mass Spectrometry (py-GCMS)
py-GCMS analysis has been shown to be an ideal technique for 
materials characterization (Fig 3.). A small sub-sample (mg to µg) is 
heated to 750⁰ C and the pyrolysis products monitored in real-time 
by GCMS. When materials are heated they will break down in a 
manner such that the composition of the original material can be 
determined. Once a sample has been pyrolyzed and analyzed, the 
resulting mass spectra over the course of the chromatogram is 
averaged and the resulting data is termed a pyrogram (Fig 4A.). 
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Py-GCMS Analysis Parameters
•Pyrolysis Conditions: 7500C for 90 seconds
•GC Injector: 325oC with a split ratio of 10:1 
•Analytical Column: Restek Rtx-5MS (30 m x 0.25mm x 0.25 m df)
•Oven: 40oC to 325oC at 10oC/min
•Helium Flow Rate 2.0 ml/min
•Transfer Line Temp : 325oC     Ion Trap Temp: 220oC
•Mass Collection Range: 35 to 550 m/z
Fig 3. py-GCMS System at ISTC:
• CDS Analytical 5200 Pyroprobe
• Varian 3800 Gas Chromatograph
• Varian Saturn 2000 Mass 
Spectrometer
In addition to bulk materials 
characterization, py-GCMS can also 
identify plasticizers and additives 
present in the materials (Fig 4B).
Fig 2. Microplastics in alewife: A blue fiber (A), a white pellet (B), a yellow fragment 
(C), and two overlapping pieces of transparent film (D). Scale bars indicate 500µm.
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PRELIMINARY RESULTS
Fig 4. py-GCMS Results:  (A) Resulting pyrogram from py-GCMS of a microbead 
collected from the environment (top) compared to a reference pyrogram of a known PE 
reference sample (bottom); (B) a chromatogram illustrating the detection of additives 
and contaminants measured during py-GCMS of a microfiber
Sample 
Pyrogram
Reference 
Material 
Pyrogram
Microplastic 1 - Beads
Polyethylene Reference 
Material
A
Benzonitrile
3-Hexenedinitrile
2-Methyl-2-butenenitrile
Benzene
Microplastic 17 – Unknown Fiber B
Microplastics were identified in the stomach contents of 32% (n = 7) 
of the alewife investigated. Of those individuals, 28% (n = 2) 
contained more than one microplastic in their stomach. Forty 
percent of the microplastics identified were fragments, 30% were 
fibers, 20% were film, and 10 % were microbeads.
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Comparison of pyrograms from known standards and unknown 
field samples indicate high confidence in identifying plastic types 
from samples in in the size range of µg–mg. Chromatographs 
produced simultaneously alongside the pyrograms positively 
identified plastic additives and contaminants, validating the use of 
py-GCMS to contribute to bioaccumulation models for Lake 
Michigan fishes (Fig 4).
CONCLUSION
INHS and ISTC are working to develop a multi-disciplinary 
framework to estimate plastic and contaminant exposure to food 
fishes. INHS biologists can utilize known parameters including 
observed trophic interactions, prey preference, feeding ecology 
(e.g., filter feeder), and habitat use by species (e.g., demersal vs 
epipelagic) to inform food web and bioaccumulation models. ISTC 
environmental chemists can identify the type of plastics available in 
Lake Michigan surface waters, the types of plastics commonly 
ingested by fishes, and the contaminants associated with these 
plastics, providing contaminant parameters for inclusion in 
bioaccumulation models.
Evidence that microplastics operate as a vector for exposure of food 
fishes to contaminants is critical for providing stakeholders, policy 
makers, and resource managers with the information required to 
restrict the use and support the remediation of microplastics in the 
Great Lakes region. 
